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CEPHALOTAXINE ALKALOID 
COMPOSITIONS AND USES THEREOF 

This application claims the benefit of U.S. Provisional Application Number 60/189 699 filed 
March 15,2000. 

FIELD OF THE INVENTION 
The technical field of the invention is the use of cephalotaxine alkaloids with antiproliferative 
agents to treat a host with a cellular proliferative disease. 

BACKGROUND OF THE INVENTION 
There is considerable interest in modulating the efficacy of currently used antiproliferative 
agents to increase the rates and duration of antitumor effects associated with conventional 
antineoplastic agents. 

Conventional antiproliferative agents used in the treatment of cancer are broadly grouped as 
chemical compounds which (1) affect the integrity of nucleic acid polymers by binding, 
alkylating, inducing strand breaks, intercalating between base pairs or affecting enzymes 
which maintain the integrity and function of DNA and RNA; (2) chemical agents that bind to 
proteins to inhibit enzymatic action (e.g., antimetabolites) or the function of structural 
proteins necessary for cellular integrity (e.g., antitubulin agents). Other chemical compounds 
that have been identified to be useful in the treatment of some cancers include drugs which 
block steroid hormone action for the treatment of breast and prostate cancer, photochemically 
activated agents, radiation sensitizers and protectors. 

Of special interest to this invention are those compounds that directly affect the integrity of 
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the genetic structure of the cancer cells. Nucleic acid polymers such as DNA and RNA are 
prime targets for anticancer drugs. Alkylating agents such as nitrogen mustards, 
nitrosoureas, aziridine containing compounds directly attack DNA. Metal coordination 
compounds such as cisplatin and carboplatin similarly directly attack the nucleic acid 
5 structure resulting in lesions that are difficult for the cells to repair which, in turn, can result 
in cell death. Other nucleic acid affecting compounds include anthracycline molecules such 
as doxorubicin, which intercalates between the nucleic acid base pairs of DNA polymers, 
bleomycin which causes nucleic acid strand breaks, and fraudulent nucleosides. Fradulent 
nucleosides include pyrimidine and purine nucleoside analogs which are inappropriately 
10 incorporated into nucleic polymer structures and ultimately cause premature DNA chain 
termination. Certain enzymes that affect the integrity and functionality of the genome can 
also be inhibited in cancer cells by specific chemical agents and result in cancer cell death. 
These include enzymes that affect ribonucleotide reductase {e.g., hydroxyurea, gemcitabine), 
topoisomerase I {e.g. camptothecin) and topoisomerase II {e.g., etoposide). 

15 One of the most broadly used of these DNA targeted anticancer drugs is cisplatin (cis- 
diamminedichloroplatinum II, CDDP). This compound is active against several human 
cancers including testicular, small-cell lung, bladder, cervical and head and neck cancer. 

Although the clinical activity of currently approved antiproliferative agents against many 
forms of cancers can be shown, improvements in tumor response rates, duration of response 
20 and ultimately patient survival are still sought. The invention described herein demonstrates 
the novel use of the cephalotaxine alkaloids and analogs thereof, including 
homoharringtonine (HHT) which can potentiate the antitumor effects of chemotherapeutic 
drugs, in particular, agents affecting the integrity of nucleic polymers such as DNA. 

SUMMARY OF THE INVENTION 
25 Methods and compositions are provided for the treatment of a host with a cellular 

proliferative disease, particularly a neoplasia. In the subject methods, pharmaceutically 

2 
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acceptable cephalotaxine and an antiproliferative agent are administered in an amount 
sufficient to modulate the cellular proliferative disease. 

DETAILED DESCRIPTION OF THE FIGURES 
Figure 1 depicts the general structure of a cephalotaxine analog. Rl and R2 represent 
substitution groups. Structures for Rl and R2 are shown for the cephalotaxine analog, 
Homoharringtonine. 



Figure 2 depicts the structure of the cephalotaxine analog, Homoharringt 



;omne. 



Figure 3 shows tumor growth delay, as tumor volume on days after treatment with HHT, 
HHT followed by CDDP, or CDDP alone. 

DETAILED DESCRIPTION OF THE INVENTION 
Methods and compositions are provided for the treatment of a host with a cellular 
proliferative disease, particularly a neoplasia. In the subject methods, a pharmaceutical^ 
acceptable cephalotaxine is administered, preferably systemically, in conjunction with an 
antiproliferative agent to improve the anticancer effects. In a preferred embodiment, the 
cephalotaxine provides a chemopotentiator effect. 

The agents are provided in amounts sufficient to modulate a cellular proliferative disease. In 
one embodiment, modulation of a cellular proliferative disease comprises a reduction in 
tumor growth. In another embodiment, modulation of a disease comprises inhibition of tumor 
growth. In another embodiment, modulation of a cellular proliferative disease comprises an 
increase in tumor volume quadrupling time (described below). In another embodiment, 
modulation of a cellular proliferative disease comprises a chemopotentiator effect. In 
another embodiment, modulation of a disease comprises a chemosensitizing effect. In other 
embodiments, modulation of a disease comprises cytostasis. In still other embodiments, 
modulation of a disease comprises a cytotoxic effect. 
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A chemical agent is a "chemopotentiator" when it enhances the effect of a known 
antiproliferative drug in a more than additive fashion relative to the activity of the 
chemopotentiator or antiproliferative agent used alone. In some cases, a chemosensitizing 
effect may be observed. This is defined as the effect of use of an agent that if used alone 
would not demonstrate significant antitumor effects but would improve the antitumor effects 
of an antiproliferative agent as compared to use of the antiproliferati ve agent by itself 

As used herein, the term "cephalotaxine" includes all members of that chemical family 
including alkaloid derivatives of the Chinese evergreen, Cephalotaxus fortueni and analogs 
thereof The cephalotaxine family is defined by chemical structure as the ring structures in 
Figure 1. 

A cephalotaxine analog is further defined but not limited to the structure depicted in Figure 1, 
having substituent or substitute groups at Rl and R2. Examples of Rl and/or R2 include 
esters, including herringtonine, isoharringtonine, homoharringtonine, deoxyharringtonine, 
acetylcephalotaxine and the like. Table 1 lists structures of Rl and R2 for some of these 
analogs. Rl and R2 substitutions are typically employed to improve biological activity, 
pharmaceutical attributes such as bioavailability or stability, or decrease toxicity. In one 
embodiment, Rl and/or R2 include alkyl substitutions {e.g., methyl, ethyl, propyl etc.). In 
another embodiment, Rl and/or R2 include esters (e.g., methoxy, ethoxy, butoxy, etc.). Rl 
and R2 are not limited to the above examples, however, in the scope of this invention. 
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Table 1 RJ R2 

OH OH 

, II.- 
isoharringtonine -OCH 3 CH 3 CH(CH 2 ) 2 C - CHC0 2 CH 3 

C0 2 " 
OH OH 

harringtonine _OCH 3 CH 3 C(CH 2 ) 2 C - CH 2 C0 2 CH 3 

CH 3 C0 2 " 

acetylcephalotaxine -OCH 3 CH 3 C0 2 " 



homoharringtonine -OCH 3 



OH OH 
CH 3 (j:(CH 2 ) 3 (j: - CH 2 C0 2 CH 3 
CH 3 C0 2 " 



A cephalotaxine analog is a further chemical refinement. A specific example of a 
cephalotaxine analog is homoharringtonine which is the butanediocate ester of cephalotaxine, 
4-methyl-2-hydroxy-2-(4-hydroxy-4-methyl pentyl) (Figure 2). 

As used herein, antiproliferative agents are compounds which induce cytostasis or 
cytotoxicity. "Cytostasis" is the inhibition of cells from growing while "cytotoxicity" is 
defined as the killing of cells. Specific examples of antiproliferative agents include: 
antimetabolites, such as methotrexate, 5-fluorouracil, gemcitabine, cytarabine, pentostatin, 6- 
mercaptopurine, 6-thioguanine, L-asparaginase, hydroxyurea, N-phosphonoacetyl-L- 
aspartate (PALA), fludarabine, 2-chlorodeoxyadenosine, and floxuridine; structural protein 
agents, such as the vinca alkaloids, including vinblastine, vincristine, vindesine, vinorelbine 
paclitaxel,.and colchicine; antibiotics, such as dactinomycin, daunorubicin, doxorubicin, 
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idarubicin, bleomycins, plicamycin, and mitomycin; hormone antagonists, such as tamoxifen 
and luteinizing hormone releasing hormone (LHRH) analogs; nucleic acid damaging agents 
such as the alkylating agents mechlorethamine, cyclophosphamide, ifosfamide, chlorambucil, 
dacarbazine, methylnitrosourea, semustine (methyl-CCNU), chlorozotocin, busulfan, 
5 procarbazine, melphalan, carmustine (BCNU), lomustine (CCNU), and thiotepa, the 
intercalating agents doxorubicin, dactinomycin, daurorubicin and mitoxantrone, the 
topoisomerase inhibitors etoposide, camptothecin and teniposide, and the metal coordination 
complexes cisplatin and carboplatin. 

The following examples are offered by way of illustration and not by way of limitation. 

10 EXAMPLES 
Example 1 

Chemopotentiation of Cisplatin (CDDP) by Homoharringtonine (HHT) 

Transplantable experimental murine fibrosarcomas (2xl0 5 RIF-1 cells) were grown 
intradermal^ in the flanks of 3 month old female C3H mice (Charles River, Holister, CA). 
15 When the tumors reached a volume of approximately 100 mm , the mice were randomly 
assigned to each experimental group (4 mice per group). 

The experimental compositions were prepared as described in Table 2. 



Table 2 



Agent 


Dose 


Solvent 


Supplier 


Homoharringtonine 


2 mg/kg 


DMSO 


NCI 


Cisplatin 


4mg/kg 


Water for injection 


David Bull Labs 



The chemopotentiator, homoharringtonine, was obtained from NCI and was made to the 

6 
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appropriate concentration in DMSO. Cisplatin (David Bull Laboratories- Mulgrave, 
Australia, lot. 5201 844x) was made to the appropriate concentration in water for injection. 
The compositions were injected systemically (i.e., intraperitoneally, i.p), in a volume of 100 
microliters. For the treatment of group 3, the chemopotentiator, homoharringtonine, was 
injected 30 minutes prior to the injection of cisplatin. After treatment, the growth of the 
tumors was monitored three times per week by caliper measurements of three perpendicular 
diameters of the tumor and calculation of tumor volume from the formula: 

V= 7t/6 xD,x D,xD 3 , 

where D1.3 is in mm. 

The tumors were followed until they reached a size of four times their day zero treatment 
volume (TVQT), or up to 30 days after treatment, whichever came first. The data is 
expressed as the "tumor volume quadrupling time" (TVQT) mean and as the "delay." Mean 
TVQT is the mean days required for individual tumors to grow to four times the tumor 
volume at the initial treatment day. The "delay" is the median of days required for a tumor to 
grow to four times the mean size of the treated group, minus the median of days required to 
grow to four times the mean size of the control group. The data is also expressed as the ratio 
of the tumor vol ume quadrupling time of the treated tumor over the untreated control group 
(TVQT/CTVQT). Increasing values of this ratio indicate increased antitumor response. 

The data is presented in Table 3 below and in Figure 3. 



Group 


Treatment 


Dose 
(me/ke) 


Mean TVQT 
±S.E. 


TVQT/ 
CTVQT 


Median 
(TVQT) 


Delay 
(Days) 


1 


Untreated Control 




8.3 ±0.4 


1.0 


8.6 


0.00 


2 


HomoharrinRtonine 


2 


10.1 ±0.4 


1.2 


9.8 


1.20 


3 


Homoharringtonine 
-* Cisplatin 


2-4 


14.9 ±0.8 


1.8 


14.8 


6.17 


4 


Cisplatin 


4 


12.9 ±1.1 


1.5 


12.5 


3.83 



The arrow (-) in Group 3 indicates administration 30 minutes following administration of homoharringti 



onine. 
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The results of Table 3 indicate that the antiproliferative activity of cisplatin is enhanced by 
the use of the chemopotentiator, homoharringtonine in that a more than additive effect was 
observed when both compounds were used to treat the tumor bearing mice (group 3) in 
comparison to the use of cisplatin alone (group 4) or homoharringtonine alone (group 2). 

5 Example 2 

Effect of Homoharringtonine, Alone and in Combination with Other 
Chemotherapeutics on RIF-1 Tumor Growth in C3H Mice 

The RIF-1 murine fibrosarcoma tumor model was used to evaluate the antitumor activity of 
homoharringtonine, alone and in combination with various antiproliferative agents. The 
10 antiproliferative agents used include those that affect nucleic acid (e.g., DNA) integrity (e.g., 
cisplatin, cytarabine, camptothecin, etoposide, 5-fluorouracil, or amonafide), agents that 
affect structural proteins' (e.g., paclitaxel, vinblastine, or colchicine) or cytoplasmic enzymes 
(e genistein). 

Homoharringtonine (HHT-NCI) was obtained from NCI as a powder. Homoharringtonine 
15 (HHT-Clin) was obtained from Hangzhou Minsheng Pharmaceutical Group (Hangzhou, 

China), in 1 mL vials, prediluted with water to 1 mg/mL. Cisplatin for Injection, USP, was 

obtained from David Bull Labs (Mulgrave, Australia), Lot No.5201844x, as a lypholized 

powder. Paclitaxel was obtained from Bristol Myers Squibb Co. (Princeton, NJ), Lot No. 

9J16241, exp. Sep 2001, prediluted to 6 mg/mL in Cremaphor/EL. Cytarabine was obtained 
20 from Bedford Labs (Bedford, OH), Lot No.86968A, exp. 6/02, as a lypholized powder. 

Camptothecin was obtained from Boehringer-Ingelheim, Lot No. 142088, as a powder. 

Vinblastine was obtained from Bedford Labs (Bedford, OH), Lot No. 1 12647, as a lypholized 

powder. Etoposide was obtained from Pharmacia (Kalamazoo, MI), Lot No. ETA013, exp. 

5/99, as a liquid prediluted to 20 mg/mL. 5-Fluorouracil was obtained from Pharmacia 
25 (Kalamazoo, MI), Lot No.FFA191 5 exp. 7/00, as a liquid prediluted to 50 mg/mL. 

Amonafide was obtained from Penta Biotech (Union City, GA), Lot No.039-01, as a powder. 

8 
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Colchicine was obtained from Sigma (St. Louis, MO), Lot No.55H0685, as a powder: 
Genistein was obtained from ChemCon GmbH (Freburg i. Br.), Lot No.CC-6700-26, as a 
powder. DMSO was obtained from Sigma (St. Louis, MO), Lot No.80K3695 0.9% Sodium 
Chloride for Injection, USP (saline) was manufactured by Abbott Laboratories (Lot No. 55- 
199-DK). Sterile Water for Injection, USP (WFI) was manufactured by Lyphomed, Inc. (Lot 
No. 390849). 

Formulations: Test preparations (treatment groups) are summarized in Table 4. 

For preparation of formulations 1- 4, HHT-NCI was weighed into vials and dissolved in 
DMSO at the stated concentrations. 

For formulation 5, the contents of a 10-mg vial of lyophilized CDDP (Cisplatin for Injection) 
was resuspended with 10 mL WFI to produce a 1 mg/mL CDDP suspension. 

For formulation 6, paciitaxel, prediluted in Cremaphor/EL and dehydrated alcohol to 6 
mg/mL was further diluted to 3.3 mg/mL with WFI. 

Formulations 7 and 8 were prepared by further diluting HHT-Clin to the stated 
concentrations with WFI. Formulation 9 was undiluted HHT-Clin, used as received. 

Formulation 1 0 was prepared by adding 1 mL of WFI to 100 mg of cytarabine as a 
lypholized powder. 

Formulation 1 1 was prepared by adding DMSO to camptothecin at a concentration of 1 
mg/mL. 

Formulation 12 was made by adding 0.9% Sodium Chloride for Injection to a vial of 10 mg 
of vinblastine lypholized powder. 



into 



Formulations 13-17 were prepared by diluting the appropriate amount of each test agent 
saline (13- 2.5 mg/mL etoposide, 14- 7.5 mg/mL 5-fluorouracil, 15- 7.5 mg/mL amonafide, 
16- 2.5 mg/mL colchicine, 17- 3.75 mg/mL 5-fluorouracil). 
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Formulation 18 was prepared by diluting 15 mg of genistein in 1 mL of DMSO. 

Animals: Female C3H mice (Charles River Laboratories, Holister, CA), approximately 
3 months old, were used for the study. The average body weight was approximately 25 g. 
Animals were maintained in isolator cages on a 12-hour light-and-dark cycle. Food and 
5 water were available ad libitum. 

Tumors: The RIF-1 murine fibrosarcoma cell line was maintained in in vitro culture 
(Waymouth medium supplemented with 20% fetal bovine serum) at 37° C in a humidified 
5 % CO2 incubator. Log-phase RIF-1 cells were trypsinized and harvested from cell culture 
flasks to yield a concentration of 4 x 10 6 cells/mL, then injected intradermally in a volume of 
1 0 50 \lL (equivalent to 2 x 1 0 5 cells per injection) into both flanks of each mouse. Nine days 
later, when tumors reached approximately 1 00 mm 3 in size, the animals were randomized to 
different treatment groups. 

Treatment Groups: Treatment groups are summarized in Table 4. Four to five animals 
were assigned to each treatment group. The intraperitoneal injection volume was 100 jiL. 
15 Intratumoral injections (50 were made into one of the two tumors on each animal with 
the contralateral tumor serving as an untreated control. The oral administration volume was 
100 \iL. Combination treatments using two test agents were administered as two separate 
injections, with the second one following the first either immediately or after 30 minutes. 

Evaluation of Tumor Volume Quadrupling Time: Tumors were measured three times 
20 weekly for up to 22 days with Vernier calipers. Tumor volume (cubic millimeters, mm 3 ) was 

calculated According to the formula: 

V= 71/6 x Di x D 2 x D 3 

in which D 1-3 are perpendicular diameters measured in millimeters (mm). 

Tumor volume quadrupling time (TVQT), defined as the time required for a tumor to grow to 
25 four times its initial volume (at the time of treatment), was used as a study endpoint. The 

TVQT was determined for each treatment group and expressed in days as the 
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mean ± standard error (SE). 

Antitumor activity or modulation of tumor growth (as measured by delayed tumor growth, 
i.e. increases in TVQT values) by homoharringtonine administered as a single agent or in 
combination with other chemotherapeutics is presented in Table 5. 

Results from eight separate experiments are included in this study. In experiment E01 0, 
tumors in untreated control animals quadrupled in size in an average of 7.2 days. 
Intraperitoneal administration of homoharringtonine from NCI at 5 mg/Kg had a TVQT of 
14.5 days and intratumoral administration of homoharringtonine at that dose resulted in a 
TVQT of 15.6 days. 

In experiment E01 1, untreated control animals quadrupled in size an average of 8.3 days 
while intraperitoneal administration of homoharringtonine from NCI at 2 mg/Kg extended 
the mean TVQT to 10.1 days, and the additional intraperitoneal administration of CDDP 
further extended the mean TVQT to 1 4.9 days. While paclitaxel (10 mg/Kg), alone, 
demonstrated a TVQT of 8.8 days, the addition of homoharringtonine (2 mg/kg) did not 
change the TVQT, making paclitaxel the only agent with combinatorial activity less than that 
of homoharringtonine, alone. 

Homoharringtonine from Hangzhou Minsheng Pharmaceutical Group (Hangzhou, China), 
formulated in sterile water at either 2 mg/Kg or 4 mg/Kg was used for the remainder of the 
combination studies. 

At 2 mg/Kg, homoharringtonine had an average TVQT of 10.4 days in E026 while the 
untreated controls quadrupled in 7.4 days. Combination administration of cisplatin (4 
mg/Kg) with homoharringtonine (2 mg/Kg) yielded a TVQT of 1 1 . 1 days, which was greater 
than homoharringtonine (TVQT= 10.4 days) or cisplatin (TVQT= 9.4 days), alone. 

In experiment E030, where untreated controls quadrupled in 6.7 days, homoharringtonine 
treatment (2 mg/Kg) yielded a TVQT of 7.9 days and camptothecin or cytarabine gave 

11 
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TVQT's of 9.4 or 7.6 days, respectively. Combination administration of homoharringtonine 
(2 mg/Kg) with camptothecin (6 mg/Kg) or cytarabine (400 mg/Kg) increased the TVQT's to 
10.1 and 8.6 days, resepectively. 

In E032, where untreated controls quadrupled in 6.5 days, homoharringtonine at 4 mg/Kg had 
5 an average TVQT of 8.5 days. Administration of homoharringtonine (4 mg/Kg) in 

combination with 5-fluorouracil (30 mg/Kg) resulted in a TVQT of 17.9 days versus 13.6 
days for 5-fluorouracil, alone. Combination administration of homoharringtonine (4 mg/Kg) 
and vinblastine (2 mg/Kg) yielded a TVQT of 10.9 days versus 8.6 days for vinblastine, 
alone. Combination administration of homoharringtonine (4 mg/Kg) and cisplatin (4 mg/Kg) 
1 0 or amonafide (30 mg/Kg) yielded TVQT's of 1 0.4 and 1 0.2 days, respectively, versus 9:9 and 
7.6 days for those agents, alone. Homoharringtonine in combination with etoposide (10 
mg/Kg) gave a TVQT of 8.7 days while etoposide, alone, was 8.5 days. 

Orally administered colchicine (10 mg/Kg), in E033, yielded a TVQT of 6.3 days, while 
untreated contols and homoharringtonine (4 mg/Kg) gave TVQT's of 7.8 and 8.3 days! 
1 5 Homoharringtonine in combination with colchicine at these doses increased the TVQT to 9.4 
days. 

In E036, genistein (60 mg/Kg) in combination with homoharringtonine (4 mg/Kg) had a 
TVQT of 9.2 days, which was greater than that of genistein, alone (7. 1 days). 

There were animal deaths in some groups that were recorded as follows. Three of four mice 
20 died after treatment of homoharringtonine obtained from NCI and formulated in DMSO at 

1.25mg/mL. Two of five mice died after receiving this formulation intratumorally. Four of 
four mice died after treatment of this same homoharringtonine formulated to 2.5 mg/mL in 
DMSO. The combination of homoharringtonine (0.5 mg/mL) in DMSO with paclitaxel (2.5 
mg/mL) was lethal to two of four mice, and the combination of homoharringtonine(0.5 
25 mg/mL) in DMSO with cisplatin (I mg/mL) was lethal to one of four mice. The 

combination of homoharringtonine (1 mg/mL) in vinblastine (0.5 mg/mL) was lethal to one 
of four mice given that treatment, and the combination of homoharringtonine (1 mg/mL) and 

12 
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genistein ( 1 5 mg/mL) was lethal to two of five mice. 

In summary, intraperitoneal administration of homoharringtonine had antitumor activity, i.e. 
modulated tumor growth, in the RIF-1 murine fibrosarcoma tumor model. Intraperitoneal 
administration of homoharringtonine in combination with cisplatin, cytarabine, camptothecin, 
vinblastine, etoposide, 5-fluorouracil, amonafide, colchicine and genistein had antitumor 
activity levels greater than homoharringtonine alone, or the individual test agents. The best 
combinatorial activity used 5-fluorouracil, amonafide and vinblastine. Homoharringtonine in 
combination with paclitaxel had antitumor activity less than homoharringtonine alone. 
Homoharringtonine obtained from NCI and formulated in DMSO showed some lethal 
toxicity while homoharringtonine obtained from Hangzhou Minsheng Pharmaceutical Group 
(Hangzhou, China) and formulated in sterile water for use in humans did not show lethal 
toxicity at the doses used. 



Table4 

Summary of Treatment Groups 



Formulation 


Treatment 


Concentration 
(mg/mL) 


Route 
of 

Administration 


Injection 
Volume 
(UL) 


1 


HHT-NCI in DMSO 


1.25 


IP 


100 


2 


HHT-NCI in DMSO 


2.5 


IP 


100 




HHT-NCI in DMSO 


2.5 


IT 


50 


4 


HHT-NCI in DMSO 


0.5 


IP 


100 


5 


CDDP in WFI 


1 


IP 


100 


6 


Paclitaxel in WFI 


2.5 


IP 


100 


7 


HHT-Clin in WFI 


0.5 


IP 


100 


8 


HHT-CHn in WFI 


0.25 


IP 


100 



13 



WO 01/68098 



PCT/US01/O8480 



9 


HHT-Clin in WFI 


1 


IP 


100 


10 


Cytarabine in WFI 


100 


IP 


100 


11 


Camptothecin in 
DMSO 


2.5 


IP 


100 


12 


Vinblastine in saline 


0.5 


IP 


100 


13 . 


Etoposide in saline 


2.5 


IP 


100 


14 


5-Fluorouracil in 
saline 


7.5 


IP 


100 


15 


Amonafide in saline 


7.5 


IP 


100 


16 


Colchicine in saline 


2.5 


PO 


100 


17 


5-Fluorouracil in 
saline 


3.75 


IP 


100 


18 


Genistein in DMSO 


15 


IP 


100 



Tables 

Effect of Homoharringtonine and Homoharringtonine in Combination with Other 
Chemotherapeutics on RIF-1 Tumor Growth in C3H Mice 

_ =_ , , , . " — TVQT (days) 

Exp. # Formulation Treatment Tumors (Mean ± SE) 



E010 




Untreated control 


8 


7.2 ± 0.1 


E010 


1 


HHT-NCI (5 mg/Kg) 


2* 


14.5 ±0.9 


E010 


2 


HHT-NCI (10 mg/Kg) 


0* 


All Died 


E010 


3 


HHT-NCI (5 mg/Kg) 


3* 


15.6 ± 1.8 


E011 




Untreated control 


8 


8.3 ± 0.4 


E011 


4 


HHT-NCI (2 mg/Kg) 


8 


10.1 ±0.4 
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E011 


5 


CDDP (4 me/KeY 


8 


12.9 ±1.1 


E01 1 


4,5 


HHT-NCI -30'- CDDP 


6* 


14.9 ±0.8 J 


[ E011 


6 


Paclitaxel fl0mp/K^ 


8 


8.8 ±0.4 J 


E01 1 


4,6 


HHT-30'-Paclitaxel 


4* 


8.8 ±0.4 J 


E026 




Untreated control 


8 


7.4 ± 0.3 J 


E026 


7 


HHT-Clin (2 mg/K^ 


8 


10.4 ±1.0 


E026 


5 


CDDP (4 mg/Kp) 


8 


9.4 ± 0.5 


E026 


7,5 


HHT-Clin + CDDP 


8 


11.1 ±0.4 


E026 


7,5 


HHT-Clin -30'- CDDP 


8 


1 10.1 ±0.4 1 


E028 


: _ 


Untreated control 


8 


8.7 ± 0.5 


E028 


8 


HHT-Clin (1 mp/Kpl 


8 


9.2 ±0.7 


E028 


9 


HHT-Clin (4 me/Kp> 


8 


10.1 ±0.4 I 


E030 


- 


Untreated control 


8 


6.7 ± 0.4 


E030 


7 


HHT-Clin (2 mp/KgV 


8 


7.9 ± 0.3 J 


E030 


10 


Cytarabine (400 mg/Kg) I 


8 


7.6 ±0.2 


E030 


7,10 


HHT-Clin + Cytarabine 


8 


8.6 ± 0.4 


E030 


11 < 


Camptothecin (6 mp/Kp^ 


8 


9.4 ±0.4 


E030 


7,11 ] 


-IHT-CHn + Camptothecin 


8 


10.1 ±0.6 


E032 


I 


Jntreated control 


8 


6.5 ± 0.6 


E032 


9 I 


iHT-Clin (4 me/Kg) 


8 


8.5 ± 0.5 


E032 


5 C 


:DDP (4 me/Kg) 


8 


9.9 ± 0.6 


1 E032 


9,5 IHHT-Clin + CDDP 


8 


10.4 ±0.4 1 
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1 o 


Vir»K1 acting (0 YTiO f\C o\ 


8 


8.6 ± 0.4 






T-THT-Plin + Vinblastine 


6* 


10 9± 0 4 




13 


T7trtr>r\eiH*a /'ID mo/If cA 

jDiopusiuc nig/rv^ 




8 5 ± 1 0 




y,7 i5 


HHT-Plin + Ftonoside 


8 


8.7 ± 0.5 




14 


5-Fluorouracil (30 me/Kfi) 


8 


13.6 ±1.9 




Q 14 


HHT-Ciin + 5-Fluorouracil 

Jill 1 Vyllll 1 ~* i ■ fcAVJi V* fcAX *-»V A m 


8 


17.9 ±0.7 




1 S 


AmnnafiHe f30 mp/Kal 

r\k ll\JilCL±l\J\* y~)\J llijZ,/ r\*faj 


8 


7.6 ±0.4 




0 1 ^ 

7,1 J 


T-THT-PHn + Amonafide 


8 


10.2 ±0.5 


b033 




untreaiea control 


C 
O 






o 




o 


8 3 ± 0 4 


I CaJJj 


1 o 




8 


6.3 ± 0.3 


Ffm 


Q 


T-TT-TT-Plin + Colchicine 


8 


9.4 ± 0.5 


E033 


17 


5-Fluorouracil (15 mg/Kg) 


8 


6.7 ±0.4 


E033 


9,17 


HHT-Clin + 5 Fluorouracil 


8 


8.6 ±0.3 


E036 




Untreated control 


8 


6.8 ± 0.4 


E036 


18 


Genistein (60 mg/Kg) 


8 


7.1 ±0.4 


1 E036 


9,18 


HHT-Clin + Genistein 


6* 


9.2 ±0.5 



* Animal deaths occurred in these groups. See text for details. 
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WE CLAIM: 

1 . A method of treatment of a host with a cellular proliferative disease, comprising 
contacting said host with a cephalotaxine and an antiproliferative agent, each in an amount 
sufficient to modulate said cellular proliferative disease. 

2. The method according to claim 1, wherein said cephalotaxine comprises the butanediocate 
ester cephalotaxine, 4-methyl-2-hydroxy-2-(4-hydroxy-4- methyl pentyl). 

3 . The method according to claim 1 , wherein said cephalotaxine comprises a 
homoharringtonine analog. 

4. The method according to claim 1 wherein said antiproliferative agent comprises an agent 
that interacts with nucleic acids. 

5. The method according to claim 1 wherein said antiproliferative agent comprises an 
alkylating agent, an intercalating agent, a metal coordination complex, a pyrimi dine 
nucleoside, a purine nucleoside, an inhibitor of nucleic acid associated enzymes, or an 
inhibitor of nucleic acid associated proteins. 

6. The method according to claim 1 wherein said antiproliferative comprises cisplatin, 
cytarabine, camptothecin, vinblastine, etoposide, 5-fluorouracil, amonafide, colchicine, or 
genistein. 

7. A method according to claim 1 wherein said cephalotaxine is administered before the 
administration of said antiproliferative agent. 

8. A method according to claim 1 wherein said cephalotaxine is administered during the 
administration of said antiproliferative agent. 
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9. A method according to claim 1 wherein said cephalotaxine is administered after the 
administration of said antiproliferative agent. 

10. The method of claim 1 wherein the modulation on said disease with said composition is 
greater than that for said antiproliferative agent alone. 

1 1 . A composition comprising a cephalotaxine and an antiproliferative agent. 

12. The composition of claim 1 1 wherein said cephalotaxine comprises homoharringtonine. 

13. The composition of claim 1 1 wherein said antiproliferative agent comprises cisplatin, 
cytarabine, camptothecin, vinblastine, etoposide, 5-fluorouracil, amonafide, colchicine, or 
genistein. 

14. Use of a cephalotaxine and an antiproliferative agent in the formulation of a medicament 
for the treatment of a cellular proliferative disease. 



18 



^016809BA2 l_> 



WO 01/68098 



173 



PCT/US01/O8480 




WO 01/68098 



2/3 



PCT/US01/08480 




FIGURE 2 



WO 01/68098 PCT/US01/O8480 

3/3 




1> .-WO niconoaAo i ^ 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
20 September 2001 (20.09.2001) 




PCT 



(10) International Publication Number 

WO 01/68098 A3 



(51) International Patent Classification 7 : A61K 31/55. 

A6 IP 35/00 

(21) International Application Number: PCT/US0 1/08480 

(22) International Filing Date: 15 March 2001 (15.03.2O0J) 



(25) Filing Language: 



(26) Publication Language: 



English 



English 



(30) Priority Data: 

60/189,699 



1 5 March 2000 ( 1 5.03.2000) US 



(81) Designated States (national): AE. AG, AL. AM, AT. AU, 
AZ f BA. BB, BG, BR, BY. BZ. CA, CH. CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ ? EE, ES.'Fl, GB. GD, GE, GH, GM, 
HR, HU, ID, IL. IN, IS. JR KE. KG, KP, KR, KZ. LC, LK, 
. LR, LS, LT. LU. LV, MA, MD, MG, MK, MN. MW, MX, 
MZ, NO, NZ, PL. PT. RO, RU, SD, SE. SG, SI. SK, SL, 
TJ, TM, TR, TT. TZ, UA. UG. US. UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG. ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ. TM), European 
patent (AT, BE, CH, CY, DE. DK, ES, FI. FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD. TG). 



(71) Applicant (for all designated States except US): CHEM- 
GENEX THERAPEUTICS, INC. f US/US]; 34700 Cam- 
pus Drive. Fremont. CA 94555 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BROWN, Dennis, 
M. | US/US]: 1 00 San Maieo Drive. Menlo Park, CA 94025 
(US). MICHAELS, Shawnya, J. [US/US]: 206 Dolores 
Street. El Granada, CA 94018 (US). 



Published: 

— with international search report 

(88) Date of publication of the international search report: 

6 June 2002 

For two-letter codes and other abbreviation, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(74) Agents: TRECARTIN, Richard, F. el ah; Flehr Hohbach 
Test Alhrition & Herbert LLP, 4 Embarcadero Center. Suite 
3400. San Francisco, CA 941 1 1-4187 (US). 



3 

00 

as 

00 



(54) Title: CEPHALOTAX1NE ALKALOID COMBINATION COMPOSITIONS AND USES THEREOF 

(57) Abstract: A method of treatment of a host with a cellular proliferative disease, comprising contacting the host with a cephalotax- 
ine and an antiproliferative agent, each in an amount sufficient to modulate said cellular proliferative disease, is described. In some 
embodiments, the cephalotaxine comprises homoharringtonine (cephalotaxine, 4^methyl-2-hydroxy-2-(4-hydroxy-4-methyI pentyl) 
butanediocate ester). Antiproliferative agents of the invention comprise alkylating agents, intercalating agents, metal coordination 
complexes, pyrimidine nucleosides, purine nucleosides, inhibitors of nucleic, acid associated enzymes and proteins, and agents af- 
fecting structural proteins and cytoplasmic enzymes. 



XDCID: cWO 01QB09BA3_I_> 



ir~ERNATIONAL SEARCH REPORT 



I InU dona! Application No 

[ PCT/US 01/08480 



A CLASSIFICATION OF SUBJECT MATTER 

IPC 7 A61K31/55 A61P35/00 



According lo InternaltonaJ Patenl Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system to U owed by classification symbols) 

IPC 7 A61K 



Documentation searched other than minimum documentation to the extent that such documents are Included in the fields searched 



Electronic data base consulted during the international search (name ol data base and, where practical, search terms used) 

EMBASE, EPO-Internal, CHEM ABS Data, MEDLINE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° 



Citation of document, with Indication, where appropriate, of the relevant pi 



Relevant lo claim No. 



C. VISANI ET AL: "Effects of 
homoharringtonine alone and in combination 
with alpha interferon and cytosine 
arabinoside on "in vitro" growth and 
induction of apoptosis in chronic myeloid 
leukemia and normal hematopoietic 
progenitors" 
LEUKEMIA, 

vol. 11, 1997, pages 624-628, XP008000008 
abstract 

-/- 



1,3,6, 
10-14 



| X | Further documents are lisled in the continuation of box C. 


| | Patent lamiiy members are listed In annex. 


° Special categories of cited documents : —"———=- ————««« 

"A" document defining the general stale of the art which is not 
considered to be of particular relevance 

'E' earlier document but published on or after the international 
filing date 

■L' document which may throw doubts on priority ctaim(s) or 
which is cited to establish the publication date of another 
citation or other special reason <as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

•P' document published prior lo the international filing date but 
later than the priority date claimed 


■T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered lo 
involve an Inventive step when the document Is taken aione 

•Y" document of particular relevance; the claimed invention 

cannot be considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

document member of the same paient family 


Dale ol the actual completion of the international search ~ 


Dale of mailing of the international search report 


7 March 2002 


22/03/2002 


Name and mailing address of the ISA 

European Patenl Office. P.B. 581 B Patenl laan 2 
NL - 22B0 HV Rfjswqk 
Tel (+31-70) 340-2040. Tx. 31 651 epo nl t 
Fax (+31-70)340-3016 


Authorized officer 

Siatou, E 





lh~SRNATIONAL SEARCH REPORT 



InK .Uonal Application No 

PCT/US 01/08480 



C.(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with Indication .where appropriate, of the relevant passages 



Relevant to claim No. 



DATABASE EMBASE 'Online! 

ELSEVIER SCIENCE PUBLISHERS, AMSTERDAM, 

NL; 

YUZHU Z. ET AL: "Homoharringtonine, 

cytarablne and aclarubldn (HAA) 

combination chemotherapy for acute myeloid 

leukemia ( AML ) . " 

retrieved from STN 

Database accession no. 1998384948 

XP002192356 

3lbstP3Ct 

& CHINESE JOURNAL OF CLINICAL ONCOLOGY, 
(1998) 25/10 (758-759). , 



DATABASE EMBASE 'Online! 

ELSEVIER SCIENCE PUBLISHERS, AMSTERDAM, 

NL; 

LASTER JR. W.R. ET AL: "Therapeutic 

synergism (TS) of homoharringtonine (H) 

plus 5-fluorourac1l (FU) against leukemia 

P388 (P388/0) and ARA-C-res1 stant P388 

(P388/ARA-C)." 

retrieved from STN 

Database accession no. 82182588 

XP002192357 

abstract 

& PROCEEDINGS OF THE AMERICAN ASSOCIATION 
FOR CANCER RESEARCH, (1982) VOL. 23/- (NO. 
786). CODEN: PAACA3, 



ZHANG ET AL: "Inhibitory effects of 
homoharringtonine and hydroxycamptothecin 
1n combination with other agents on cancer 
cell growth" 

ASIA PACIFIC JOURNAL OF PHARMACOLOGY, 

SINGAPORE UNIVERSITY PRESS, SG, 

vol. 7, 1992, pages 191-195, XP002112006 

ISSN: 0217-9687 

page 194, right-hand column 

abstract 

TAKANO I ET AL: "Ester-type cephalotaxus 
alkaloids from cephalotaxus harringtonia 
var. drupacea" 

PHYTOCHEMISTRY, PERGAMON PRESS, GB, 
vol. 44, no. 4, February 1997 (1997-02), 
pages 735-738, XP004292875 
ISSN: 0031-9422 
the whole document 

_/__ 



1,3,6, 
10-14 



1,3,6, 
10-14 



1,3,6, 
10-14 



1-14 



3 



Form PCT/ISA/210 (continuation ol second sheet) (July 1982) 
OOCID- <WO 016B09BA3_L> 



page 2 of 3 



3 



I^ERNATIONAL SEARCH REPORT i — 

Infa. .lonat Application No 

PCT/US 01/08480 




u.(Contin 


nation) DOCUMENTS CONSIDERED TO BE RELEVANT ~ 




Category • 


oaalion of document, witn indicaUon.where appropriate. o» the relevant passages ' 


Relevant lo claim No. 




A 

Form PCT/1SA/2 


TAKANO I ET AL: "NEW OXYGENATED 

CEPHALOTAXUS ALKALOIDS FROM CEPHALOTAXUS 

HARRINGTONIA VAR. DRUPACEA" 

JOURNAL OF NATURAL PRODUCTS , XX, XX, 

vol. 59, no. 12, December 1996 (1996-12), 

pages 1192-1195, XP000990654 

ISSN: 0163-3864 

abstract 


1-14 





rr-rrn nifrmnn i 



